INTRODUCTION
For utility network and end-user loads harmonic simulation, a large number of power quality problems show that single phase equivalent circuit and linear model are not suitable to reveal a part of real disturbance events such as unbalance harmonic impedances, asymmetric voltage sag, negative sequence current propagation, and phase to ground harmonic resonance. This paper deals with some particulars aspects of multiphase network harmonic modelling used in ExpertEC©, a new and simple power quality analysis tool developed by Electricite de France (EDF). It makes power quality mitigation easier and it can shorten substantially the studying time of a real power quality problem, compared with a more general simulation software. As ExpertEC uses true multiphase matrix models, it can deal with all the above phenomena by means of its simple and useful industrial loads and sources models. For usual end-user loads such as squirrel cage induction motors, power transformers and lines, full multiphase matrix models are employed in order to characterize positive, negative and zero sequence impedances. These modules make it possible to simulate unbalance voltage impact to an induction machine as it draws important negative sequence currents from the power supply when its input voltage is unbalanced. The PQ Expert subsystem is a pre-designed element; it can be settled at the point of common coupling of a simulated circuit. Its role is to analyse three-phase power quality problems and give power quality indicators according to the local utility's limits. If there is violation of the limits, PQ Expert subsystem will propose, design and size an appropriate solution.
The three-phase Norton unit is another useful element for power quality mitigation. It makes it possible to simplify a complex electric grid system to a three-phase steady state active network in which all the impedances and current sources are modelled according to the harmonic frequencies. Harmonic order can be studied up to 256 or unlimitedly when using input data file. In the end, the processing software gives both harmonic spectrum plots and time domain waveform plots.
Other available modules in ExpertEC: user-designed sources, wattmeter, voltage analyser, current analyser, voltage regulator, reactive compensator, protection unit, etc.
The input data of all models are based on either equivalent electric circuit values (R, L, C, E, J, M, etc) or technical data sheet from electric equipment. All the calculations have been validated thanks to a number of on-site power quality mitigations.
The studied disturbance mitigation methodologies can be used in different power quality analysis domains: power grids, industrial networks, tertiary power supplies, and embedded electric facilities. The following power problems can be treated with a minimized engineer time: This software tool was developed for application in "down the meter" power quality services offered by EDF group companies. The detailed multiphase modelling functions of this software will be described in the following paragraphs by different real cases.
METHODOLOGIES FOR MULTIPHASE POWER QUALITY MITIGATION
This part is aimed at describing different methodologies used for multiphase power quality mitigation. As a great part of power grid faults are asymmetrical, the single-phase modelling and symmetrical approaches can't reveal precisely disturbance behaviour in real power system. Particularly voltage sags propagation analysis must be studied by true three phase models at different voltage levels. However, the development of three-phase models of all power system equipment was restricted by computer resource. Fortunately, the recent development in computer makes it more and more possible to cope with power quality problem by true threephase models in a single personal computer.
Asymmetrical components modelling
Induction motor. As well known, two thirds of industrial loads is composed of electric motors. Induction motor is a typical asymmetrical load in power quality analysis, because in which the negative sequence impedance is much lower than that of its positive sequence. Based on nodal equations, we can model a passive n-terminal electrical linear load into an admittance matrix referred to nodal equation:
g11 g12 ……. g1n g21 g22 ……. g2n gn1 gn2 ……. gnn
[In] = [Gn] [Vn]
In: vector of nodal current injection Vn: nodal voltage vector Gn: load admittance matrix
If the positive sequence impedance is equal to the negative sequence impedance, all up and down triangles elements of G is symmetrical, that is: gij = gji, i.e. transposable. For asynchronous motor, gij ≠ gji, we can't use a transposable admittance matrix to simulate its harmonic behaviour, and we need to take into account of the asymmetry in the admittance matrix. The same way, the relationships between nodal voltages and currents vectors at motor's input can be written:
Power supply V Motor's impedance Z
I
If we decompose three-phase values into positive sequence (Vp, Ip, Zp), negative sequence (Vn, In, Zn) and zero sequence (V0, I0, Z0), the above schema can be drawn as the sum of following equivalent circuits:
Vn ( The relationships between voltages and currents of an AC motor become: For an asynchronous motor, G is not transposable because the negative impedance is bigger than the positive sequence. It is impossible to represent G by passive components as R, L, C, etc. That is why ExpertEC utilizes a matrix model in order to study motor's behaviour. The fig.2 shows an unbalance problem studied for a plastic product manufactory. In this site, the asymmetrical geometric arrangement of LV cable has caused serious current unbalance at workshop's feeder that powers over 100 induction machines. The following figure shows the simulation circuit to study the behaviour of a induction motor powered by asymmetrical LV cable. Ep: symmetrical voltage source (400V), Zc: unbalanced cable, M: induction motor (375kW). 
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In the other hand, asynchronous induction machines can compensate slightly upstream unbalanced voltage sags, because its negative impedance is lower than its positive one. Therefore, the main drawback of this kind of load is current unbalanced amplification during voltage sag (Fig.3) . When fault direction analysis is performed, this phenomenon must be taken into account because an up-stream voltage sag can also provoke serious over current.
Motor phase currents (A)
Line voltages (V) Fig. 3 . Voltage sag and current response at an AC motor's input
Three-phase transformer. Three-phase power transformer considered as a balanced device is justified in the majority of practical situations. However, it has an asymmetrical component behaviour, particularly, in fault analysis. We have modelled three-phase transformer in phase coordinates, so no more assumptions are necessary for the global model, even though it is possible to make physical assumption of each phase in order to simplify the three phase-model. We construct a twelve dimensions complex matrix to represent all 6 windings, mutual inductances, and magnetic circuit reluctance. The next flow chart shows the steps of true three phase transformer modelling. At input side, "Set connection matrix" bloc converts all threephase Delta or Star connections into six windings phase coordinates. Output "Set connection module" bloc transforms 12-order coordinate matrix in to 8-order complex admittance matrix by which nodal voltages can be achieved. At "Set Flux type" unit, we can model 3 types of three-phase transformer construction: 3 legged (forced flux), 4-5 legged (free flux) or combination of 3 single-phase transformers (independent flux).
Norton network
In order to simplify a simulation task, it is recommended to use equivalent Norton or Thevenin network when coping with a large size electric circuit.
Simulated Norton network is a 4-terminal element that can be built by both modelling and site measurement. It contains current sources and impedances. A typical three-phase Norton network is modelled by 7 series data sheet: 1 frequency, 3 currents and 3 impedances. Each phase of Norton network is constructed by frequency f, impedance Z f and current source J f shown in following figure.
Three phase Norton network 
Three phase impedance measurement and automatic resonance frequency identification
At a point of common coupling of three phase power system, impedance is suggested to be calculated by a three phase current source set by positive, negative and zero sequences components according to scanned frequency. The typical elements that affect three-phase impedance calculation are induction machine, network neutral system, three-legged power transformer, etc. Frequency impedance scans give all phase-phase and phase-neutral impedances represented in magnitude & angle via frequency.
The following curves show the impedances calculated at the secondary of two types of transformers simulated by true three-phase model (1 MVA, 50Hz). Z1 is the impedance calculated by a single-phase impedance meter, and Ztr is the phase impedance measured by a three-phase impedance meter. For a three-legged power transformer, the error from single-phase impedance calculation is very important. In this case, a three-phase impedance calculation must be used. The automatic resonance frequency identification function is a useful tool for harmonic mitigation. The principle of automatical harmonic resonance identification is to analyse dZ/df values. If dZ/df=0 at f = fr1, there is a harmonic resonance at the measuring point. If the impedance gets maximum value at frequency fr1, the resonance is a parallel harmonic resonance and it will amplify mainly downstream harmonic current at this frequency. If the impedance gets minimum value at fr2, there is a series resonance. In this case, the downstream harmonic current will be filtered. If the resonance elements (R,L,C) are located in front of the analysis point, ie, load side, upstream harmonic voltage of this frequency could provoke downstream harmonic current. At each identified resonance frequency, the amplifying coefficient is estimated by impedance module.
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Power quality indication and PQ expert subsystem
Power quality indicators. The power quality indication is one of the power quality expert functions, which gives the levels of power quality parameters compared with local utility standards:
-Total voltage harmonic distortion (Thd_V), -Total current harmonic distortion (Thd_I), -Reactive power / active power (Tan), -Voltage unbalance (UnB.V), -Current unbalance (UnB.I).
If there is violation of the limits, PQ Expert subsystem will propose, design and size an appropriate solution such as filter, unbalance compensator. The following example shows harmonic mitigation performed by PQ Expert subsystem for a foundry. At the 20 kV feeder, there are two disturbance loads: induction heating ovens equipped with 12-pulse rectifiers. On basis of voltage and current measurements from the site, the whole associated network is modelled and a PQ Expert subsystem is inserted at secondary of the 20 MVA transformer. As the high power active filter is still more expensive than the passive filter, especially when the reactive power has to be compensated, a set of passive filters has been adopted for this site.
Passive filter design. As the tangent value of this site exceeds the normalized limits, passive filter solution has been selected. PQ Expert sub system automatically designs a set of appropriate passive filters whose roles are to compensate the most important harmonic current and to correct power factor at the point of common coupling. The filter design takes account not only of theoretical calculations but also engineering parameters that can make it easier to contact a filter manufacturer. The automatic filter design is done in the following steps: According to the analysis of the above site data, the first harmonic current to be filtered is order 11 (550Hz for 50Hz fundamental). In order to avoid low harmonic parallel resonance with network impedance, the filters are designed from 250 Hz with the following engineering restrictions: With these four filters, the impedance at the point of common coupling is modified. They have shifted parallel resonance points to less harmful frequencies. The first parallel resonance frequency is moved to 197 Hz, which is lower than that of the lowest existing harmonic current.
Phase Impedance Phase-Phase Impedance All the filter components are calculated and verified by both RMS values and arithmetic sum values. With the designed filters, phase currents have been "cleaned" and complied with utilities power quality standards. After put into service of these four filters, a series of site measurements has shown that the voltage Thd was reduced from 9.8% to 2.1%. 
CONCLUSIONS
This paper presents useful approaches for three-phase power quality analysis using full matrix modelling methods, which give truthful results for multi frequency calculation, particularly for power transformers, power lines and induction machines. The harmonic-unbalanced components make it inadequate to use single-phase model for harmonic analysis. Even in voltage dip investigation, symmetric model is insufficient to examine fault attenuation through a threelegged power transformers. For an industrial network harmonic diagnosis, it is recommended to use three-phase impedance calculation in order to reveal unbalance harmonic resonance.
A pre-designed power quality expert unit in the software can give directly relative power quality levels compared with local utility standards. This function makes it easy to design and size an appropriate filter, compensator, etc.
Frequency domain Norton network can be used for steady state power quality mitigation. It makes possible to simplify a studied complex electric grid system to a three-phase active component.
